Objective: To compare the nutritional status of disabled children in Nigeria with their non-disabled siblings and neighbours. A second aim was to investigate anthropometric techniques appropriate for disabled children in this situation. Design: A cross-sectional survey. Setting: Nasarawa and Plateau States and the Federal Capital Territory in Central Nigeria. Subjects: 311 children under 10 years of age were studied: 112 with various disabilities, 87 siblings and 112 neighbours. Methods: Selected anthropometric measurements, (height, weight, mid-upper arm circumference (MUAC), demispan and halfspan), and blood haemoglobin levels were assessed by trained personnel. All measurements of disabled subjects were compared to the non-disabled controls. Results: The disabled subjects had mean height for age (htaage) and weight for age (wtaage) signi®cantly lower than the control group (P`0.05). These differences were due largely to the very low Z scores in children with neurological impairments, (htaage 73.07 (s.d. 1.6); wtaage 72.0 (s.d. 1.2)). Measurement dif®culties contributed to low height values in disabled children and halfspan was found to be a useful proxy for height in these children. MUAC results were higher for the children with disabilities due to polio than for controls. The mean haemoglobin levels were slightly but signi®cantly higher (P`0.05) in the disabled and sibling groups compared to the neighbourhood group. Conclusion: Disabled children with neurological impairments and consequent feeding dif®culties are nutritionally at risk, but others are no worse off than their non-disabled peers in this area. Halfspans may serve as a useful proxy indicator for estimating height in some children with physical impairments. Sponsorship: The study was funded by a TEAR fund grant to JT for her MSc studies.
Introduction
Adequate nutrition is a fundamental prerequisite for good physical health, motor and cognitive development and social development (Meeks Gardner J et al, 1990; Waterlow JC, 1994) . Malnourished children can become adults with lower physical and intellectual abilities, lower levels of productivity and higher levels of chronic illness and disability (UNICEF, 1998) . Disabled people are often assumed to have poorer nutrition than their non-disabled counterparts and, indeed, surveys in developed countries have shown that disabled children and adolescents are vulnerable to poor nutritional care (Bax, 1993; Thomas et al, 1989) . In contrast, far less information is available on the nutritional status of disabled children in developing countries where the situation is further complicated by widespread malnutrition among the general population. Previous studies in Nigeria (Alakija, 1988; Ojofeitimi, 1983) identi®ed mild malnutrition in school-age children with sensory or mental impairments.
There are a variety of possible reasons for poor nutrition in disabled children. Many studies of children with cerebral palsy have reported evidence of growth impairment (Hals et al, 1996; Shapiro et al, 1986; Stallings et al, 1996) or micronutrient de®ciencies (Hals et al, 1996; Rampage et al, 1996) . Growth retardation and feeding problems have also been noted in groups with other disabilities, including mental retardation, congenital heart disease and deaf ± blindness (Thommessen et al, 1991; Suzuki et al, 1991) . Adolescents with mental retardation may also be overweight as a result of a sedentary lifestyle and over eating (Suzuki et al, 1991) .
There is a close relationship between poverty and disability (Coleridge, 1993) . Children with disabilities living in poverty may be put at further risk of inadequate nutrition due to ®nancial constraints or social beliefs. Economic conditions may in¯uence the parent's responses to their child's condition (Mallory et al, 1993) . However, disabled children in such situations are not always neglected; for example, in Tanzania disabled people were as far as possible integrated into the normal routine of the community (O'Toole and McKonkey, 1995) .
Estimates of the prevalence and severity of nutritional de®cits among disabled children are complicated by the fact that physical disabilities will interfere with standard anthropometric measurements. For example, conditions such as kyphosis or bent legs can compromise the accuracy of standard height or length measurements and the extra arm exercise involved in using walking aids in some polio survivors can affect mid-upper arm circumference (MUAC) results. Although international guidelines suggest disregarding anthropometric results from disabled children (United Nations, 1986) , these children have the same right to good nutrition as non-disabled children so it is important to solve these measurement problems.
We compared the nutritional status of disabled children with their non-disabled counterparts in Nigeria to determine if the disabled children were nutritionally disadvantaged and see if a disabled child disadvantaged the nutritional status of the siblings. We also evaluated the use of demispan and halfspan as proxy indicators of height in disabled children.
Methods

Study population
A cross-sectional study was conducted over a period of three weeks in July 1998. Ethical approval was obtained from the internal ethical review board of the Centre for International Child Health and permission was obtained from each community based rehabilitation (CBR) programme involved. Subjects were recruited from three different regions, each with an established CBR programme, in central Nigeria. The sites were: a rural region in Nasarawa state with the Evangelical Reformed Church of Christ CBR programme at the Alushi Medical Centre, a rural region in Plateau state with the COCIN church CBR programme at the Mangu Leprosy and Rehabilitation Centre, an urban area in the Federal Capital Territory with the Catholic Archdiocese of the Abuja Social Welfare project. Seven junior community health extension workers were recruited from the Alushi Medical Centre and trained to take and record anthropometric measurements. Children were excluded from the survey if parents or ®eld workers reported severe feeding dif®culties (e.g. severe cerebral palsy), if they were unavailable on the day of the study visit as time constraints prevented the organization of a return trip to a village, and if they lived in villages with dif®cult access due to the rainy season. Grossly malnourished children who had come to the attention of the CBR workers due to their delayed development but had no obvious disabilities were also excluded.
The study population comprised a total of 311 children as shown in Table 1 . Only physically impaired children were selected from the registers of the Mangu and Abuja CBR programmes but, in the Alushi CBR programme where all available children were selected, almost half of the disabilities were a consequence of polio. The disabled subjects were divided into ®ve impairment groups which were con®rmed by a quali®ed physiotherapist (JT): disability due to poliomyelitis, neurological impairments (21 children with cerebral palsy and two children with spina bi®da), orthopaedic problems (13 children with rickets, two children with old fractures that had not been set well and one child with a club foot), learning dif®culties (including two children with Down's syndrome) and sensory impairments (15 children with a profound hearing impairment and one blind child).
Two controls, the non-disabled sibling nearest in age, if available, and a non-disabled neighbour of the same sex and the same age within six months, were recruited for each disabled child. The sibling child was included in order to determine if other children in families with a disabled child are nutritionally disadvantaged. Wherever possible a written record of the date of birth was seen. In families without a written record, age was estimated from season of birth and from the age of neighbours born about the same time. There were 47 girls and 65 boys in each of the disabled and neighbourhood groups and 42 girls and 45 boys in the sibling group. The age of children in all groups was similar: disabled group mean was 60 months (s.d. 22), sibling group mean was 58 months (s.d. 24) and the neighbourhood group mean was 58 months (s.d. 23).
For ethical reasons and to encourage participation, all children were given folic acid and ferrous sulphate supplements were given to any children with haemoglobin less than 80 gal, according to local policy. All families were given basic nutrition and health education. During the course of the study, any child identi®ed as clearly malnourished was strongly advised to visit a local clinic and CBR workers were asked to monitor the progress of these children. Any other cases identi®ed as needing medical attention were also referred to the clinics.
Anthropometry
The anthropometric measurements were carried out using standard methods (United Nations, 1986 ). An adult carer was present throughout the procedure. Weight was measured to the nearest 0.1 kg on solar scales (Seca, UNICEF). If a child was unable to stand due to their age or type of impairment, they were weighed together with a carer and then the carer's weight was deducted from the value of the combined weight. Length was measured to the nearest 0.5 cm. A measure mat (Starters, Norwich, UK) was used for all children under 2 y of age and for older children less than 92 cm in length who were unable to stand. If the child had a tendo-achilles contracture then the affected leg was lifted up and the measurement taken from the unaffected leg. Height was measured to the nearest 0.5 cm using a stadiometer (Leicester Portable Measure, UK). The authors are aware that the height measurements for some of the physically impaired subjects, those with kyphosis, bent legs or contractures, were short.
Demispan was measured from the web between the middle and ring ®nger to the mid-sternal notch and recorded to the nearest 0.1 cm. Halfspan was measured from the tip of the middle ®nger to the mid-sternal notch and recorded to the nearest 0.1 cm. Halfspan was only included once the survey had begun as the ®eldworkers were having dif®culties measuring demispan accurately, The nutritional status of disabled children in Nigeria J Tompsett et al therefore, the results are only available for 262 children. For both of these measurements a metal tape (CMS Weighing Equipment Ltd, London, UK) was used and the children were laid on their backs with their left arms extended to 90 . The MUAC was recorded in the sitting position, as the children found this less threatening, to the nearest 0.1 cm. The left arm was used for all measurements unless the child had a left hemiplegia or the left arm was affected by polio.
Haemoglobin assessments were made using the HemoCue (HemoCue Ltd, Shef®eld, UK). Due to the breakdown of the instrument, haemoglobin results are available for only 235 subjects, (84 disabled children, 68 siblings and 83 neighbours).
Data analysis and reference standards
Data were entered into Epi-Info software (version 6.04c) and Z scores were calculated by Epinut software (version 2.0) which uses the National Centre for Health Statistics (NCHS) reference data. The ®nal analysis was completed on the statistical package for social sciences (SPSS, version 6.1.3). Anthropometry of`elite' Nigerians compares well to the NCHS standards and a previous study (Janes et al, 1981) concluded that these data were suitable as a reference population for Africans. The groups were compared by ANOVA followed by Duncan's multiple range test. Table 2 summarizes the anthropometric results for the disabled and non-disabled subjects. All groups had low Z scores for height for age (htaage) and weight for age (wtaage) compared to international standards and values for the disabled subjects were signi®cantly lower (P`0.05) than for both control groups. Weight for height (wtaht) and MUAC were near normal and not different among groups. The disabled and sibling groups had a higher average haemoglobin than the neighbour control group. These results are of statistical signi®cance, but are unlikely to result in large biological differences. Haemoglobin levels less than 90 gal were seen in 14% of the study population.
Results
The anthropometric results for the different impairment groups are shown in Table 3 . The control groups were combined since there were no signi®cant differences between them. The children with sensory impairments or learning dif®culties did not signi®cantly differ from the controls in any anthropometric measure. The wtaage and htaage were signi®cantly lower than the controls in the neurological impairment and polio groups and children with orthopaedic conditions had lower htaage than the controls. Children with disabilities as a consequence of polio had higher MUACs than the controls.
The low heights in children with impairments in their legs suggested a problem with measurement of linear growth rather than necessarily a nutritional problem. Therefore, halfspan and demispan were evaluated as proxies for height. Prediction equations for height based on demispan (n 199) and halfspan (n 167) were derived from the control children within the study. Sex was not a signi®cant contributor to the equations below.
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Since ®eldworkers were more con®dent of their ability to measure reproducibly halfspan than demispan, we used the equation for halfspan to derive heights for disabled subjects. By paired t-tests there were signi®cant differences between measured and derived heights for the polio (P 0.001), orthopaedic (P`0.001) and sensory (P 0.03) subgroups only. Derived htaage and wtaht were then calculated in Epinut using derived height values. Use of derived values rendered group differences in htaage and wtaht non-signi®cant (Table 4) . Values in row not followed by the same superscript are signi®cantly different (P`0.05) by Duncan's multiple range test. #`7 2(moderate ± severe) number with Z`7 2s.d.atotal number of subjects. Values in a column not followed by the same superscript are signi®cantly different (P`0.05) by Duncan's multiple range test. There were no signi®cant differences by Duncan's multiple range test.
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Discussion
Systematic random sampling was beyond the scope of this study, however, the authors feel the children included in this survey were representative of the population in central Nigeria. In Nigeria 36% of children have moderate or severe malnutrition, 43% are said to be stunted and 9% wasted (UNICEF, 1998) . These ®gures are similar to percentages of the controls in the present study with wtaage, htaage and wtaht Z scores below 72. The participants in our study were from diverse groups and areas from three different states but from a similar socio-economic background.
The disabled children were found to be signi®cantly disadvantaged in htaage and wtaage compared to both their non-disabled siblings and neighbours. A comparison of the individual impairment groups indicated that the sensory impairment group and the learning dif®culties group were not signi®cantly different from the controls. Delayed growth was most obvious in the neurological impairment group; this is likely due to feeding dif®culties (Hals et al, 1996; Shapiro et al, 1986; Stallings et al, 1996) . Although children who had reported severe feeding and swallowing dif®culties were excluded from the study sample, the children measured may have had less severe feeding and digestive problems. Disabled children with feeding dif®culties require feasible interventions to promote a healthier nutritional status.
Children in both the orthopaedic impairments and poliomyelitis groups appeared stunted. The mean htaage values derived from halfspan were signi®cantly greater than the actual measured height in children with cerebral palsy and consequences of polio indicating the low height of some physically impaired children was due to measurement dif®culties. Halfspan was found to be a good proxy measure for height in the control children. Halfspans have been used in ®eld studies of some elderly populations in developing countries to help estimate height (Help Age International & London School of Hygiene and Tropical Medicine Report, 1997). Field workers also found this easier to measure than demispans. More accuracy for demispan can be obtained by sewing a button on a plastic tape measure and measuring from this inserted at the ®nger web to the sternal notch (Bannerman et al, 1997) . The derived height values can more accurately estimate linear growth. However, when using these values to calculate derived weight for height, children with polio or orthopaedic conditions appeared to be more wasted in spite of their high MUAC values. Possibly either crawling or using a walking aid led to hypertrophy of the arm muscles in these children with walking dif®culties. These ®ndings reveal a need for more anthropometric information for nutritional assessments of disabled children in ®eld studies.
The results did not reveal a disadvantage in the nutritional status of the siblings. Therefore, the disabled child did not appear to compromise the nutritional status of the family. There are few rehabilitation and special education facilities in the study area. Both time and ®nancial constraints prevent the families from seeking out specialist rehabilitation services or operations which may in part explain why the disabled child did not appear to be a drain on the family resources.
Conclusions and future recommendations
Disabled children in Nigeria did not appear to be nutritionally neglected but those with feeding dif®culties were nutritionally at risk. Observations of the study population suggested that disabled children are accepted in the community and not intentionally excluded from community participation. These results agree with the observations of O'Toole and McKonkey in Tanzania (1995) . CBR workers are ideally situated with their knowledge of the child and his home environment to intervene. Simple, low cost interventions are required, for example, learning to position the child correctly for feeding, ideas for food consistency and content and how to encourage self feeding. A culturally appropriate lea¯et could be produced to help both families and CBR workers.
The results indicate a high level of malnutrition in all children under 10 years of age. Levels of malnutrition are increasing in Nigeria despite efforts to reduce the prevalence (Tahzib, 1990) . Primary health care is the centre piece of the Nigerian National Health policy (Ta®da, 1994) . It would be appropriate to intensify efforts to improve the nutrition of the whole family and community as well as coverage of polio vaccination to reduce the number of children becoming disabled.
